Most studies focused on the introduction of new technologies have not investigated the psychological factors affecting the willingness to use them or conducted empirical studies to explore whether willingness and actual construction safety knowledge-sharing behavior are associated with fewer construction incidents. We conducted face-to-face and LinkedIn open-ended interviews as well as a global survey to study the willingness and actual behavior to share construction knowledge via social software Web 2.0, Internet of Things (IoT) and mobile apps. Then, the Partial Least Square-Structural Equation Model (PLS-SEM) for willingness and actual knowledge-sharing behavior, as well as the Multilayer Perceptron (MLP) Neural Network were used to illustrate the effect of various factors on predicting the willingness to share knowledge via Web 2.0, mobile apps and IoT. Results of the interviews found that practitioners use IoT for knowledge sharing, mainly because they do not want to fall behind the curve. PLS-SEM and MLP revealed that practitioners share construction safety knowledge are not driven by safety-related reasons such as safety awareness enhancement but perceived organization support from their companies. Employees who agree that their organization cared about their employees' well-being was the strongest predictor in influencing people's decision to use tools for knowledge sharing. Moreover, many respondents claimed that factors such as monetary rewards have little impact on motivating people to use tools for knowledge sharing.
Introduction
Construction safety and accident prevention is linked to the construction industry as well as the sustainability of the individual project [1, 2] . As workers accumulate experience and skill at work, losing one worker due to an accident not only leads to financial losses, but also valuable industry knowledge. Adequate safety knowledge is a prerequisite to making the 'right' safety decisions, judgements, performance, and behavior [3] . Knowledge is often shared via different platforms [4] , the most important being Web 2.0, IoT, and mobile apps. Web 2.0 enables users to write and change web content, share knowledge and socialize with others online [5] via online social networks such as Facebook, LinkedIn, YouTube, wikis, fora and folksonomies [6] . IoT enables information and knowledge exchange via a network of many connected 'things', such as radio-frequency identification (RFID), mobile phones and computers [7] , and mobile apps are an integral part of people's daily lives. These platforms are also a meaningful way to share construction safety knowledge on construction In the construction industry, mobile apps, IoT tools and Web 2.0 are applied for various uses, for example, mobile apps improve safety performance by providing a safety knowledge-sharing channel about potential chemical, fire and electrical hazards [9] . According to Liu [10] , mobile apps offer the construction workers with affordable, quick, and user-friendly platforms to obtain necessary information. As such, there are nearly 13,000 construction apps in New Zealand alone. On the other hand, Web 2.0 helps construction worker to share knowledge. Thus, an internet forum with collaborative knowledge management solution in Finland's recorded 90% workers' participation [6] . By contrast, IoT integrates devices and platforms by engaging the virtual and physical world [11] . Apart from using QR code (one application of IoT) for highway construction document management, IoT is used to detect safety threat and develop a proactive warning system that alert construction worker before getting close to hazards. Web-based portal systems with Radio Frequency Identification (RFID) improve the efficiency of on-site information-sharing [12] . Nonetheless, there is a lack of research regarding the motives of construction safety knowledge sharing via Web 2.0, IoT, and mobile apps.
Motivations and Barriers of Knowledge Sharing by Social Software Web 2.0, IoT and Mobile Apps
Previous research studied the motives and barriers of knowledge sharing via these tools in various industries except construction. Regarding IoT, improvement in participants' ability to reflect on what they learned motivated them to use it for knowledge sharing [13] . According to Zhang [14] development of the coordination mechanism and public service platforms motivates workers in the utility sector to share knowledge. On the other hand, people do not share knowledge via Web 2.0 mainly due to information security, confidentiality, openness, sensitivity and people not being ready to accept criticism from colleagues [15] . Concerning mobile apps, although people use them for teaching and learning purposes [16] , they are reluctant to use them for knowledge sharing because different operating systems demands customized applications, or unwilling to be controlled when they use mobile apps [17] . Based on the previous literature, we hypothesised that the motivators and barriers in the construction industry to adopt the IoT, Web 2.0 and mobile apps for safety knowledge sharing are similar as the tools are the same (H1) ( Table 1) . 
IoT
Chow, et al. [18] Hong Kong Milk outbound process Spot the possible procedure problems quickly and deliver the correct knowledge to solve these problems Sodhro, et al. [19] Health care Battery energy management life and cycle of portage or wearable devices. Connectivity of knowledge sharing between stakeholders such as manufacturing engineer and medical expert. Welbourne, et al. [20] US Intelligent buildings Improvement in production processes Zhang [14] China Utility Improvement in the production process, includes a coordination mechanism and a public service platform High cost in integrating business resources, lack of large-scale application, and inefficient business mode Information sensitivity, an unwillingness to share unfinished work, the openness of information, a lack of confidence to accept criticism on their contributions, concern about security and confidentiality risks Powell and Dalton [34] proposed that HP comprises of the value proposition, that is, people repeat an act if the reward of that act is valuable. And success proposition which suggests that people tend to repeat the same act if they are rewarded for the activity. Wang et al. [35] suggested that the characteristics and expected rewards of the knowledge affected the possibility of knowledge sharing in high-technology companies. Research into any of HP psychological factor is rare, but the literature identified provides grounds for hypothesis H4.
POS echoes the perceived organization concerns regarding employees' well-being and values their contributions to the companies, leading to employees' different expectation on their effort which will be rewarded. Employees possess higher POS exhibit stronger commitments at work [36] . Likewise, POS had a positive and significant impact on the Norwegian oil and gas industry' knowledge sharing activities [37] . Li [38] noted that employees with better POS recorded lower incidents through the mediating effect of safety communication and commitment in the manufacturing sector, and proposed a conceptual framework in which POS affected employees' perceptions of the organizational safety climate. Thus, we hypothesize that employees with better perceived POS are more likely to share construction safety knowledge at work (H2).
LMX concerns the vertical relationships between subordinates and managers. Better LMX results in more resources being available to subordinates and restricted information [39] . Employees in a mobile phone company with better LMX, characterized with a high degree of mutual trust, were more willing to share their knowledge [40] . When we apply the same analogy, employees with better perceived LMX share more construction safety knowledge (H3).
Informal Institution Settings and Knowledge Sharing
Institutions are rules of games in a society which affect our behaviors [41] . People can be forced by formal institutions, such as laws and regulations to share knowledge. Additionally, informal institutions like cultures can provide insights to construction worker that may make them willing to share knowledge. However, cultures differ among locals and migrants, different generations, nations as well as ethnic minorities.
According to Sanaei, et al. [42] construction workers comes from three generations. Generation Y (1981-1999) get used to social media information technology. Generation X (1965-1980) favour informational learning. Thus, they only pick formal training if there is no other option. 'Digital immigrant baby boomers' generation are comfortable with knowledge sharing over phone or through face-to-face communication. Their research found that there were significant differences in knowledge sharing via instant messaging, echoed with other studies which suggested different ages shared different viewpoints [43] .
When we conceptualize the role of institutions in economic geography, a natural starting point is to consider the incentives that affect people's action. Arpaci and Baloglu [44] found that culture exhibited a significant positive impact on attitudes and norms of knowledge sharing among undergraduates. The effect of a willingness to share construction safety knowledge due to the cultural differences has rarely been examined. Nevertheless, the literature provides grounds for our speculation that locals and migrants or even generations who have different cultural backgrounds/norms, may have different levels of willingness to share knowledge via Web 2.0, IoT and mobile apps (H5).
Willingness and Actual Behavior
Although knowledge-sharing properties and tools affect an individual's desire to share knowledge, there is a lack of research into the willingness to share construction safety knowledge via IoT, Web 2.0 and mobile apps. The previous study primarily examined the willingness to pay, for example, Rodiger et al. [45] investigated the desire to spend and real purchase for organic food. It was found that people do not usually act due to practicality reasons. For example, they feel that they have Sustainability 2019, 11, 5831 6 of 18 no responsibility, are not obligated to do, cannot change the situation at hand, or lack of time [46] . Wang et al. [35] suggested that knowledge-sharing behavior was linked to willingness.
Shin, et al. [47] projected an RFID-based framework that combined legacy systems to facilitate communication. Nevertheless, knowledge sharing does not depend solely on ontologies. The willingness to use technologies for sharing construction safety knowledge is also essential. Many research developed new safety knowledge-sharing technologies but not the desire to use them.
We conjecture that willingness leads to the actual knowledge-sharing behavior via these technologies which reduces incidents eventually (H6). Nevertheless, the practicality issues lower people's incentives in sharing knowledge through these tools (H7). Based on the results regarding the six hypotheses, we then studied the possibility of utilizing the most impactful factor to predict people's likelihood of using these tools for knowledge sharing.
Research Method
This study involved three stages 1) interviews/open-ended LinkedIn interview, followed by text mining of the results. 2) we utilized a close-ended questionnaire, and PLS-SEM was used to identify the crucial factors that affect the willingness and actual knowledge-sharing behaviors. 3) We predict knowledge-sharing activities via a feedforward neural network. Information inconsistencies were clarified by triangulating data and methods from multiple sources to enhance credibility [48] .
Interviews and Text mining
Facebook and WhatsApp are commonly used applications, but the layperson may not be familiar with IT terminology such as IoT. A five-minute video on the definition and application of Web 2.0, IoT and mobile apps was shown to interviewees to avoid any misunderstanding of technical terms. A similar technique was used in information science research [49] , which helped interviewees learn more about the issues and prompt discussion in interviews. Open-ended questions increased flexibility and the depth of information collected.
Invitations were sent to individuals listed as construction practitioners in LinkedIn, all companies listed in the Hong Kong Special Administrative Region Government List of Approved Contractors in Development Bureau requesting interviews. The snowball method increased the number of interview participants, and the results were analyzed using text analytics and content analysis [48] . Respondents' viewpoints were compared by studying the co-occurrence of concepts mentioned by the interviewees [50] . The results, including the factors that motivate and bar people from adopting Web 2.0, IoT and mobile apps for knowledge sharing, were tokenized to parse the body of text into terms.
Surveys, PLS-SEM and MLP Prediction
The results of the literature review and interviews provided the basis of the questionnaire design. Definitions of IoT, Web 2.0 and mobile apps were presented in the questionnaires to enhance measurement validity and reliability (Abowitz & Toole 2010). Questionnaires with 5-point Likert scale questions were used to assess construction practitioners' perceptions [51] (see full list questions in Table 4 ). PLS-SEM was used to study the causal relationship between leader membership exchange, POS, Homan's proposition, and institutional factors such as education, willingness to share various tools, actual knowledge-sharing behavior and construction accidents. The PLS-SEM algorithm was used to calculate the path coefficient of the structural model between −1 and +1, where the positive and highly correlated value is closer to +1, the negative and highly correlated value is closer to −1, the closer the value to 0, the weaker the relationship [52] .
Chong and Bai [53] suggested that a good quality neural network for prediction could be obtained by selecting the most significant hypothesized variables through structural equation modelling to determine the required inputs before making predictive models via the neural network. Thus, the most influential factor indicated in PLS-SEM which affect the willingness to share knowledge into the feed-forward artificial neural network (ANN) MLP was included to investigate which factors better predict the likelihood of knowledge sharing.
Neural networks have rarely been applied in construction research, except in a study of concrete dispatch conducted by Maghrebi, et al. [54] ; however, they did not use feedforward MLP. MLP ANN works on the principle of the human nervous system, learning and making data predictions. The neural structure is inter-connected by many processing elements, known as neurons, which receive information from other sources, perform non-linear operations on the output results, then produce the final output. It first learns, then stores the data with weights, with algorithms to adjust the weights and reduce biases in the training process, the error between actual and predicted values. The main advantage lies on its ability to solve complex problems fast. The basic structure of multilayer perception consists of three layers: the first input layer, middle hidden layer and last output layer, with the product of input elements (ai) and weights (wij) fed to summing junctions with bias (bj) of neurons as follows [55] :
Then, the sum passes through the transfer function F, which generates the output:
Hidden layer activation function, including hyperbolic tangent or exponential was used.
Results

Interview / LinkedIn Open-End Interview Results
Among the 134 global respondents, participants suggested that they wished to know more about construction safety, upgrade their knowledge via Web 2.0 and enhance their safety awareness. Many construction practitioners were not aware of Web 2.0 and did not want to use a phone during work, while some considered that the older generation does not know Web 2.0. Moreover, the information on the internet may be incorrect. An assistant engineer who mainly works for a tunnel project in China suggested that people are motivated to use Web 2.0: "more people understand the safety knowledge in the construction process, discover the safety hidden danger in time, and solve it timely can largely reduce construction accidents". It also depended on the complexities of projects, project parties and other factors. Regarding factors that demotivate construction practitioners from using Web 2.0 for knowledge sharing, another engineer who worked for sewers suggested that "no one is encouraged to play on his own phone during work, especially in construction sites, whereas a phone is the most accessible electronic machine."
Many people suggested that safety knowledge increases by using mobile apps. A site worker from Hong Kong commented: "I think the people who do this are the ones that want others to have the understanding of safety knowledge directly." However, many people, especially the older generations, do not know how to use mobile apps and are worried that workers are hit by vehicles when they use apps. An engineer who worked for road, sewage, and drains commented that the use of mobile apps is not recommended, being regarded as "another safety issue, phones are usually prohibited during construction works. Imagine a place with possible falling objects, people work at height, tower cranes lifting materials, and cars moving in the corridors. Are you sure you are going to check out the phone and read a safety notification?"
Regarding IoT, many people consider that the use of IoT is an excellent way to keep pace with technology. A construction superintendent suggested, "since safety problems are the most important thing, knowing more about this knowledge can better protect ourselves." People do not use IoT to share knowledge as sharing safety knowledge via IoT is boring or as an engineering assistant suggested, "people may not have related knowledge about the Internet of Things". Tables 2 and 3 show the highest frequency factors that motivated and prevented individuals from sharing construction safety knowledge mentioned by the construction practitioners. The interview results confirmed the hypothesis that practicality issues reduce people's incentives in sharing knowledge (H7). 
Questionnaire Results
Questionnaires were sent to all registered LinkedIn account users who labelled themselves as working in the construction industry, with a total of 602 completing the surveys. Respondents usually work in China, the US, Europe and Australia etc. over the past five years (Figure 1 ). Most respondents were male (408), reflecting the male-dominated construction industry. Among all the leader membership exchange questions, the most significant number of respondents agreed with the statement "I respect my supervisor's knowledge and competency on the job". The least number of respondents agreeing to the statement "If I make a mistake, my boss protects me against others." Surprisingly, only 295 out of 602 respondents agreed that they were more willing to share construction safety knowledge if there was a valuable reward, which was the lowest number of respondents to coincide with a statement. Table 4 shows that results of the questionnaires such as the psychological factors (LMX, POS, and HP), institutional factors and some other factors impacted the willingness to share construction safety knowledge via Web 2.0. Sustainability 2017, 9, x FOR PEER REVIEW 12 of 21
Questionnaires were sent to all registered LinkedIn account users who labelled themselves as working in the construction industry, with a total of 602 completing the surveys. Respondents usually work in China, the US, Europe and Australia etc. over the past five years (Figure 1 ). Most respondents were male (408), reflecting the male-dominated construction industry. Among all the leader membership exchange questions, the most significant number of respondents agreed with the statement "I respect my supervisor's knowledge and competency on the job". The least number of respondents agreeing to the statement "If I make a mistake, my boss protects me against others." Surprisingly, only 295 out of 602 respondents agreed that they were more willing to share construction safety knowledge if there was a valuable reward, which was the lowest number of respondents to coincide with a statement. Table 4 shows that results of the questionnaires such as the psychological factors (LMX, POS, and HP), institutional factors and some other factors impacted the willingness to share construction safety knowledge via Web 2.0. Figure 2 shows that the relationship between willingness to share construction knowledge via Web 2.0 with construction accidents was 0.151. Still, the actual behavior of construction safety knowledge sharing via Web 2.0 recorded a negative relationship with accidents −0.027. Also, the willingness to share construction knowledge via Web 2.0 affected (0.275) the actual behavior using Web 2.0 to share construction safety knowledge. Perceived organization support had the most substantial impact (0.349), with institutional factors having little effect on the willingness to share construction safety knowledge via Web 2.0. Support of the boss (L4) imposed a substantial influence on leader membership exchange (0.532). Education level (I2) had the most definite impact on the institutional factors, with higher educated practitioners being more willing to share construction safety knowledge. The number in the three latent variables is R square, that shows how well the regression predictions approximate the real data points, the data is between 0 to 1 and R square of 1 indicates that the regression predictions perfectly fit the data. Figure 3 shows that the willingness to share construction knowledge via mobile apps positively affected the actual behavior of sharing construction safety knowledge by mobile phones (0.249). Perceived organization support (POS) has the most impact (0.306), with Homan proposition (HP) having little effect on the willingness to share construction safety knowledge via mobile apps (0.003). The support of the boss (L4) predicted well for the leader membership exchange (LMX), while the efforts put to fulfil the boss's objective (L8) had little effect on the LMX. The migrate situation (I6) had the most impact on the institutional factors and other factors, while gender (I4) had little effect. The R square of the three variables (i.e. "willing to share construction safety knowledge by mobile apps", "construction safety knowledge sharing by using mobile apps", and "construction accident") fell between 0 and 1, indicating an acceptable level. Figure 4 shows that practitioners who are more willing to share construction safety knowledge by IoT had a lower construction accident rate. The actual usage of IoT construction safety knowledge sharing using IoT for knowledge sharing, however, records a positive relationship of 0.101. Besides, the willingness to share construction knowledge by IoT positively (0.376) affected the actual behavior of using IoT to share construction safety knowledge. The R square of the three independent variables (i.e. "willing to share Figure 4 shows that practitioners who are more willing to share construction safety knowledge by IoT had a lower construction accident rate. The actual usage of IoT construction safety knowledge sharing using IoT for knowledge sharing, however, records a positive relationship of 0.101. Besides, the willingness to share construction knowledge by IoT positively (0.376) affected the actual behavior of using IoT to share construction safety knowledge. The R square of the three independent variables (i.e. "willing to share construction safety knowledge by IoT", "construction safety knowledge sharing by using IoT", and "construction accident") was between 0-1, so was an acceptable level.
POS had the most potent prediction power (0.392), and HP had little affect (0.036) on the willingness to share construction safety knowledge via IoT. The efforts to fulfil the boss's objective (L8) predicted well for the LMX, while the preference of the supervisor (L1) had little effect on the LMX. The age of people (I1) had the most negative impact on the institutional factors and other factors, while the duration of work experience (I3) had little effect. construction safety knowledge by IoT", "construction safety knowledge sharing by using IoT", and "construction accident") was between 0-1, so was an acceptable level.
POS had the most potent prediction power (0.392), and HP had little affect (0.036) on the willingness to share construction safety knowledge via IoT. The efforts to fulfil the boss's objective (L8) predicted well for the LMX, while the preference of the supervisor (L1) had little effect on the LMX. The age of people (I1) had the most negative impact on the institutional factors and other factors, while the duration of work experience (I3) had little effect. 
Feedforward Neural Network Results
The predictive algorithms for willingness and actual knowledge-sharing behaviour based on the MLP neural network illustrated the effect of various factors on predicting the desire to share the knowledge via Web 2.0, mobile apps and IoT ( Table 5 and Table 6 ). It was found that employees who agreed that their organisation cared about employees' well-being was the strongest predictor influencing people's decisions regarding the use of tools for knowledge sharing, which was particularly true for IoT. Willingness to share knowledge using these tools was an essential factor promoting actual usage. 
The predictive algorithms for willingness and actual knowledge-sharing behaviour based on the MLP neural network illustrated the effect of various factors on predicting the desire to share the knowledge via Web 2.0, mobile apps and IoT (Tables 5 and 6 ). It was found that employees who agreed that their organisation cared about employees' well-being was the strongest predictor influencing people's decisions regarding the use of tools for knowledge sharing, which was particularly true for IoT. Willingness to share knowledge using these tools was an essential factor promoting actual usage. All in all, our results indicated that POS was the most important driver in construction safety knowledge sharing by these tools. Interestingly, while we may perceive monetary reward motivate people to share safety knowledge, that was not a major driver. Table 7 summarizes our research findings. 
Conclusions
This study investigated the impact of three psychological factors, i.e. LMX, POS and HP, as well as the institutional factors on construction safety knowledge sharing. The face-to-face and LinkedIn research responses indicated that respondents wished to know more about construction safety, upgrade their knowledge via Web 2.0 and enhance their safety awareness. In sharp contrast, however, individuals who used IoT for knowledge sharing mainly intended to keep "pace of the technology era". IoT was reported to be the least popular tool among those investigated, implying that some people used the devices do not know them well. They used these tools as they do not want to fall behind the curve, but safety-related reasons do not drive them.
Previous research found that people are motivated to use IoT, Web 2.0, and mobile apps in other industries as these tools are easy to use or they can improve processes such as production. These studies considered the use from an individual or the tools' perspective, and none considered the group psychological perspective. This research offers a practical contribution, insights to the key to successful knowledge sharing, informing contractors and employers that we must consider the group psychological factors to enhance knowledge sharing. The results can be generalized to other types of work and knowledge which needs to be shared. Academically speaking, most previous research studied the motivations and barriers of knowledge sharing in education, health care and business sectors, so this research fills the void in construction safety research.
Furthermore, PLS-SEM was used to study the impact of the four major groups of psychological motivators: POS, LMX, HP and institutional factors on the willingness and actual knowledge-sharing behavior. Essential factors identified in the PLS-SEM model were then included in the applied artificial intelligence approach, i.e. MLP feed-forward neural network to formulae the model for predicting people's knowledge-sharing behavior. To the best of our knowledge, this approach in studying knowledge-sharing behavior is the first of its kind, offering a new direction to other knowledge-sharing research studies.
